plumburia, reflecting the metabolically active fraction of Pb depot which is still mobilizable.
This test provides information on the toxicologically most important part of the body burden. On the other hand, biological monitoring of tetraalkyllead-exposed workers is done by measuring urinary lead, since lead in blood is not a suitable test, 4, 5 Urinary cadmium reflects the body burden when the critical level in the kidney cortex is not attained. When the Cd level in kidney approaches the critical value, recent exposure has a more direct influence on urinary cadmium.5,6 A significant relationship has been found between Cd exposure and urinary Cd when the renal tubulopathy is not developed. The development of early kidney damage is associated with a rise in urinary Cd even when exposure does not increase.l Nickel in urine is a suitable test for workers exposed to Ni compounds and Ni(CO)4,' but creatinine or urine density normalization is recommended.8 In workers, a significant correlation has been found between urinary Ni and plasma Nil, urinary Ni and the severity of exposure to Ni.8'9 Analysis of urinary Ni could therefore serve as a laboratory indicator of occupational and environmental exposure to Ni.8"0
Rapid, sensitive procedures for analysis of trace metals in serum or whole blood, involving deproteinization with nitric acid, with or without heating, followed by direct measurements by electrothermal atomic absorption spectrophotometry (ETAAS) have been reported)1,12 This approach has been applied to analyses of Al in serum13, l4, Mn in plasma12,15, Cd in whole blood 12, Pb in whole blood, Cr in seruml6, and Ni in serum, whole blood and tissue homogenates.17"8 Extensions of these techniques to analyses of trace Cd, Pb and Ni in urine may have problems, owing to matrix interference) ' The present study is therefore intended to identify the operating parameters that overcome the matrix interference permitting the analyses of Cd, Pb and Ni concentrations in acidified urine by ETAAS with deuterium background corrector. 
Reagents
Nitric acid, concentrated, ultrapure (650 g/ kg; 910 g/ 1; sp, gr. 1.40; Suprapur, E. Merck).
The acidification of urine specimens was done by adding nitric acid (6.4% v/ v).
Stock solutions containing 1000 ppm of Cd, Pb and Ni were prepared from Merck Titrisol Standard solution (1.000±0.002 g) by adding 5 ml concentrated nitric acid.
Washing ofplastic ware
Before each use, polypropylene syringes, polyethylene tubes, bottles, flasks, pipet tips, centrifuge tubes and sample cups are scrubbed in detergent solution. After the rinse with deionized water, concentrated HCl (50 ml, Suprapur, E. Merck) is poured into the basin. The basin is covered tightly, shaken, and allowed to stand at room temperature for one hour. The basin is then filled with deionized water, shaken, and allowed to stand for 20 min. The contents are rinsed five times with deionized water and two times with ultrapure water. The basin is placed with lid ajar in an oven at 110° C until the contents are dry.
Urine collection and storage
In factories, collection of urine specimens should take place in a non-contaminated area which is in an administration building. When the urine specimen is received in the laboratory, concentrated nitric acid (Suprapur, E. Merck) is added (1 ml of acid per 100 ml of urine) to the aliquot for nickel analysis. The acidified urine specimen is refrigerated at 4° C for up to one week, or frozen at -20° C for longer storage prior to analysis.
Preparation of the analytical run Diluted nitric acid (1 ml, prepared above) is added to each sample; the tubes are capped, and the contents are mixed with a vortex mixer. If an acidified urine sample is turbid or contains a precipitate, the tube is centrifuged at 900g for 10 min. The samples are decanted into sample cups and capped until immediately prior to aspiration into the graphite cuvette, in order to avoid contamination and evaporation. 19 The linearity of absorbance of AAS vs. volume of urine reaches up to 50 µl.
Procedural notes
To control Cd, Pb and Ni contamination, the analyses should be performed in a scrupulously clean laboratory room (class 1000) that is solely devoted to determination of trace elements. Pipetting should be performed in a laminar-flow hood (class 100) to minimize the contamination from dust. Each pyrocoated graphite tube should be conditioned by six cycles through the temperature program before the first assay.19 Cd, Pb and Ni contamination during specimen collection, transport, storage and processing is monitored by obtaining urine from at least one non-exposed, healthy, control person, whenever urine specimens for trace element analysis are collected in a factory or workplace. Urine specimens are routinely diluted and analyzed in duplicate, to monitor within-run precision and to detect sporadic trace element contamination in the laboratory.
Control urine (Lanonorm Metals 1, Behring Institute) is used for quality control throughout the study.
Results

Cadmium.
The procedures for the optimization of the time and temperature parameters for Cd in urine sample are summarized in Table 1 . The sample volume is 20 µl.
The background correction is done at a nonabsorbable line (225.5 nm) near the cadmium resonance line (228.8 nm). It was experimentally found that, by two-times dilution of the urine sample, the background signal is reduced to a level which can be effectively corrected. With this technique the cadmium levels in normal urine (range from 1.9 to 8.1 tg/1) can be reliably determined. Standard addition method.
The curve of the standard addition method is shown in Fig. 1 . The slope is different from that of the calibration curve obtained from the aqueous standard.
This suggests that the method of standard addition is needed in addition to the use of deuterium background corrector. Precision.
The RSDs of intralaboratory assay and interlaboratory assay were 6.5% and 7.5%, respectively (n=6). Lead.
The optimal conditions of lead are determined by the procedures mentioned above. The optimal parameters are shown in Fig. 2 and Table 1 . The RSDs of intralaboratory assay and interlaboratory assay are 4.5% and 5.3%, respectively (n=6). Nickel.
The optimal conditions for Ni are listed in Table 1 . The RSDs of intralaboratory assay and interlaboratory assay are 6.6% and 10.3% (n=6). Accuracy.
The accuracy of analyses are checked with Lanonorm Control Urine. The methods developed for determination of Cd, Pb and Ni in urine are reliable (Table 2) . Applications: urinary cadmium, lead and nickel concentrations in exposed workers Metal concentrations were determined on specimens of urine collected from 30 workers of iron and steel production, 10 workers of Pb-Cd electroplating, and 3 normal controls (Table 3) . Cadmium and lead concentrations in both groups of exposed workers were significantly higher than those in non-exposed controls Urine nickel concentration in workers of iron and steel production is also significantly higher (p<0.001).
Discussion
Direct determination of cadmium in graphite furnaces with or without pretreatment has been described by several authors.2o-23 The optimization of the working conditions of three GFAAS instruments (CRS-90, SP9-01 and HGA 72) for the direct determination of cadmium in urine were described by Gardiner et a1.24 At atomizing temperatures from 1 100 to 1500° C, depending on the instrument, a sufficient separation of the cadmium signal from the background could be achieved. Individual standard addition is also necessary. Legotte et al.25 prepared a concentrated solution by digesting the urine and injected it into an HGA-2100 instrument with atomization at 2100°C. The method of standard addition was reported not to be necessary. Stoeppler and Brandt26 injected diluted, slightly acidified (HNO3) urine into an HGA-74 instrument by using a ramp charring up to 350° C and atomization at 1200° C with good resolution of the Cd peak. Individual standard addition is also recommended for precise analysis. Carmack and Evenson27 injected 10 µl urine samples directly into molybdate-coated tubes for an HGA-2000 instrument. Optical, temperature-controlled heating of the furnace allowed the selective atomization of Cd at 900° C. The detection limit was 0.05 µg/ 1. In the the present study, we also used the HGA-2000 instrument and found that the standard addition method is necessary in order to get the accurate results, since the matrix of individual urine may vary broadly.
In the past, determination of lead in urine has been very popular. The unavailability of 24-h urine samples and difficulties associated with corrections according to creatinine excretion decreased the popularity of urinary lead determinations. Moreover, day-to-day variations were large. Reduced glomerular filtration rate after long-term lead exposure may result in decreased urinary lead excretion.28 Organic lead compounds differ from other lead compounds in physico-chemical properties and toxicological characteristics. The blood lead level may not be very high when exposed to organolead. However, urinary lead excretion is high, while the heme biosynthesis may not be much affected. 29 Knutti et al.30 obtained good precision even at low lead levels by adding NH4NO3 to the sample in an attempt to remove chloride as NH4Cl during the ashing phase, thereby eliminating the interference with lead from NaCI during the atomization phase. Lead in acidified urine can be determined accurately under the s optimal conditions developed in the present study. 1
Urinary nickel can be measured by many analytical 0 methods. However, the ETAAS procedure is the most sensitive, accurate and reliable one currently available e for the determination of nickel in urine. Fuller31 found that heating at 750° C for 60 s was attended by minimal 1 loss of nickel, whereas heating at 1100° C for 30 s caused a 10 -35% loss of nickel, depending on the . Minimal vaporization of nickel occurred to 1330° C; the plateau of maximum atomic absorption was reached at 2200° C. In the present study, no loss of nickel was found during the charring stage by checking with the nickel in the control urine.
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